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T'/'J^ 2 - 5 - 7x-;u- 3 -^;u*/n t?;i.^>yf ryj 2-5- 
(4 -yu^y - 3 —Xfr* 7 v'f77'J 2-3-v^ 

;u-5, 6 -yVf^ft^^yfTV'J ^ft^W f>tL^>) , jkmWL3-2 
5 <D4 < (00*. if, 2 - 1 , 3 - v^^-;U-f ^ Vv'i) ;K 2 - 1 , 3 

-y^f;v^ ^ yy*) /K 2 - 1 - * y V4 < Fv'i) ;K 2-1, 3 , 4 

- h «; \ W) ;K 2 - 1 , 3 - yxfjM > y>f ^ $ry i; ;k 2-1 
, 3 , 5 - h V * ^-)Vs< y y*-r ^ ^V; ;K 2-6-^nn-i, 3 - v : ^ 
^oyM^/V'J ju, 2-5, 6-v^nn-i, 3-yxf;K>^^r/ 

2-1, 3 -yXW^n 5 - v7V - 6 nn^>«/^ ^ 

^&<WW^^;z>) , ^fi:10-30^^>Fl/->t (tfflxJf, 3, 3 
->^f^K > Kl^->) , ^ii9-2 5^/'J>i (Mz.lt. 2-1-* 
f 'J;v, 2-l-xf^yijji/, 2-l-if^6-?nD^y'j;K 
2-1, 3-yxWyjiK 2 - 1 6 -^;i/^^r/ V ;K 2 

- l - x^/n tf;i/#y«; ;k 4 - 1 -p*^;^/ 'j ;K 4-1-^^*^-^ 
J^/'JJK 4-l-^f^-7-ynn^;'J;K 4-1, 8-y'xf^^y 
•J>K 4 - 1 6 -^f;uf t + y V ;K 4 - 1 -x^yn tr^y 

)V^t^mWhfLh) . ^it3-2 5^Vt7-^ («x.tf, 2-3- 

$!;U£\ 2 - fcf 'J fjtLS) * ^ ? ^tf h*i, £ <b Cjlili:fr7 U 

t^tyj ■bvt , / , ;>K, f^^yj'/R, 7^57-^8, ^ 

>7f^57-^, >f < ^7'J >f < [4 , 5 -*J >; >] 

2> Z. t ^ S_ C # & o 

, xboS, 7;^ + yi (00*.**, * h + y, i(«^y) , 

* (0Ox.(i\ 7x-;p) x ^s-ro^^ (0lx.ff2-l£'J S»K S-ti'Jv^K 1-kfn 
VJK 2-^J--;U) , 7'J-^t + yS (#!lx.(£\ ~7x.J* : y) , 7v^7U 

* (^Jitf7-bf^7^y, ^>7^fJV7^) , #;i//^>f ;H£ (fliJxJfN, 



tBfJE# 2003-3098613 



#J£H2 0 0 2 - 2 9 3 7 2 0 ^-v : 17/ 

O«*aili$e>^j|SS|$fLrv»"rt«tv> 0 USSR-* £ Sit L"a±^>-tf >gt ^> 
V ^ 9 > tf V bT n - > K - ^^t ft7x> W 

[0 0 3 6] 

Za4, Za 5 , Za6*i#^Mtt«*^dt1--50tC^||*lS^«:^t>L, James « 
» The Theory of the Photographic Process^ H4J{^ "^^ ^ 7 >}±. 19 7 7 

1 9 8lt: «fc 0 5eISI£*l*o JWWcfi, 2 -fcT9 7d>- 5-*>\ 
?7'J';>-3, 5-v^->, ^ ^vf'J >- 5 2if: 

t±4 \l y> ^ >r 2-^;t^y'jy>-4-t^ 2-3-^-9-y 

+ -f > KU >- 2 -f / K'J >-3-t>> 

2-t^7^>yv*'J7A v 5, 7-yt^r7-6, 7-yt Kof 7Vn [3, 
2-a ] kf'JSv^ 3, 4-yhKn^ydr/'J>-4-t>> 1, 3-v^^r 
•*)•>— 4, 6 — v*>, ^;i/Vf*.y — 2 -^-Jr ^)V\£y - )\<^ — 
2, 4-v^>, ^>r/'J>-2-t>, fcf'J K[ 1 ,2-aJkf'j 5 v>- 1 , 3 
-v^->, kT^Vn [l, 5-b] +tv'n>, t?9 7ntfij K>, 3-7-/7 

-5 3 - yy77>f'Jf-^-3 -7x-^7"nk*t- h 'j^Tab^ 

o 

[0 0 3 7] 

T(i^ F.M.HarmerlK Heterocyclic Compounds— Cyan ine Dyes and Related Com 
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* ■» 



^-v: 18/ 



pounds, John&Wiley&Sons, New York, London, 1 9 6 4 ^TO lCfBfc<7) & Orf^ 
[0 0 3 8] 

vT->fe|, ^ny7^>fep-^(i, ?fc®#It^5, 340, 694-^-^ 2 1 
M2 2ICO (XI) , (XII) tC^^tLTv^ (£/iLnl2, nl5<7>ifc(2|3I;£ 
OJttJiOSS©: («fiL<liO-4«) AfHw. 
[0 0 3 9] 

^f&Woft^&fiTffi— #b£ (i) i:t^tL-5:ttifiU>o 

[0 0 4 0] 

(1) fc*3^t\ Rl , R2 , r3 ^ R 4 it^rti^ttm^. tM&JK^ 
3£(imi«£ilU iMtLt»iL<(±, T^#;l/gg L < (±C& 1 
-2 0, ff-fr, n-/ot>, -f V7°n t:;i/, n-rf;!/, 

n-^>?-;K 3 tf;K A - 7,)V^y^)V, z-*j-)V 

- Z -7, )V*-?u 2' #;w-F3rv^^-;K 5-#;w-F 

*->^>^;u) , r;w^-;i/* (flFi L < t±C&2 ~ 2 0 , 0OxJi\ tf-^ r 
i;;u) , y^DTM^ L < (iCtfc3 - 2 0, Wx.lfy^n^>f^ 

y^n^y^) , (ifiL<liCK6-2 0, Mitl "7^-^, 

2-?nn7x-;K 4-^f^y7x-^ 3-^f^7x-iK 1-^7^ 
;p) , Afnfi L<(iCiU ~~ 2 0, e'jy/K *-i-/K 7 

»J;K f77'J^> -YS^VV/K k?7V* , ;;K tfn>;vV, kf^VvV, 
-cab-So 

Rl , R2 , R3 , R 4 t LTflPi L< (±tK^T* tzktT )V*)V%kX~$>Z> 0 
Rl , R2 „ r3 , r4 oHm><o^ (*fiL<»4 2o) **2v>H^L 
TIMLT^ «fcw 0 4$ Rl tR3 mUi^Mt^:^ ? »JL 
< , * OR * ;v **- ^ifejRJK^ * & 6 A m. t tz 14 5 MSI £ i± 4 

llti^HfiK, 5A5R* ^{±4M3S-C**c: fc* f J: L<, 5 

[0 0 4 1 ] 



t±i!E#2 003-3098613 



mi 2 0 0 2 - 2 9 3 7 2 0 ^- V \ 19/ 

n;teJ:tfm#2JL:JlJttf>*£\ ItlORl . R2 , r3 ^J:^r4 fi|Bj— c£-e 
[0 0 4 2] 

Xl *5«tC>*x2 ti^ttH, T';-;Hfe[«f* L < f±CSc6 ~2 0. «f £ L < (±g 
L < (iMai~Ma7<7)g^t |S| £) «t 0 fcfi L < (i7;^ ;i/gfe, 7'j-)V 

tL/:7'J -;HI£^U M^Vf-i L < Ii4ti:v7;^^7 * /Sl/:liy7 

, ^nSjt* L< itmi ~2 0, fcjft L< f±3~~8*3t «t L< 
(*5££(*6M^t tfflxJffcf 1 ; ?-.x^;K "7 'j;K f77'J;K >f s *v 

'J;K tf?'/^, kfn'J;K -OK'J^K #/l//<V I J;K 7x7f 7yV, t: 
n i; yV , } ) yy N t^v, J: •) *FS L < li>f > K 'J ;K # ;w 

ititt&Tv-frmnmoMtmz) . itzit—is&: (2) -emzti&m&m'to 

[0 0 4 3] 

-*b£ (2) r5 it^mm^-ifzitmrnm mtL^mtR 1 -r* tm 

R 6 f*7kffJ!i\ r;w*;i/3£, r;w^-;w^, T'J-^S. 3 Ttti^-rnSR^ 
(d*itb<7>g&^<0#£ Lv^JtiRl ~R4 £|W|i;) £HU KL(li7)H 
(ffiL<l±Cg[l-607^;Vi) T-**o 
[0 0 4 4] 

Zl t*5 *fc»±6JI3|£^j£i-*jK : y-I*£^1-o 
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v** * y- ;ns, ^ y y-r ^ r y- ;ugt-e& z> e 

< (±, 7;v^» L < (iCi!c 1 - 2 0 , #!lxJ2\ xc^;k n-y° 

nt:;K ^V7°n(i;K n-y?-;K n-^>^-;i/, 3-Xj^7°n 

sr~)vm ffii L< (iCifc2~2 0. #Ux.(i\ 7 <; ;K 2-7'r-;K 

1, 3 , y^nr^^i (£P£L<(iC&3~2 0, fflitf 
v^n^>^-;v, v^n^Jr->;i/) , r^-^^ L < (iCi$:6 ~ 2 0 , 00 

->K l-^--7^-;v) , Afnfi (ffiL<liCtl~2 0, #0x.fi\ fcf'jv* 

;k fTVjiK tr^vv/K t'nvyv, 

tf^'jvV. *^'t'J /) , t;w^-;^ Otfi l < (iC8§:2 - 2 o, 0Ux.«\ 

jx^-;k 2 --fu\£-)V^ \, 3 -7*9 -fr, 2-7x;^xfxjk) , 
^uyyw.l- mZ.t*. F, C L B r. I) , 7?7i L< t±C&l ~ 

2 0, m*.iX, V~*^-)VT</, yxf^TU, y7*fiV7^7) , v7/| 
, -hni, bFo + yjH, *JV^y^ *;u*S> 7y)H (#f£L< 
(iCtU~2 0, f!lx.(i\ r-fc-f-ZK ^>V>f;w, ^'J^-n-OK fcf/srn-Oi/) 
, 7;l/3^ryl (^iL<liCtl-2 0> Miff, *h*->, 7*f^fy, 
D^+y/p^^v) , 7'J-;^^ry| («fSL<(±C®:6-2 6, 7 
xMy, l -^--7 , r;u^r;i/-f-^3S (jiff L<(iCIl -2 0, 00*. 

7xx^ft, 4-^DD7xXjW) , T)\s*)ys*)\/*~)V& (WFt 
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» « 

L<(iCScl~2(K $!x.t£\ * 9 , 7'J- 

(jiff L < f± Ct$c 6 - 2 0 , flUtf, ^>-t£>x;u*-;K /<9 
h;vx>>x;^zji/) , *^yf*>f;H6 L < (iC& 1 ~ 2 0 , 0Ox.tf, 
N> N — ¥ * ^f-)Vij ;K N-7 — ;ws^ ;v) > 7y^7^l 

(«F* L<«iC8fcl -2 0. fllx-Wrr-fc^r* y\ ^>vM;i^7^ /) , ^ 
(tHL<l±Ct2-2 0, Milf7^JW^) , 7v;vt + y* (flft 
L<(iCIl-2 0, fiJx.i^T-b^-^^^rv, ^yvM;Vt^y) „ r/l/3*~> 

L < (2Cifc2 - 2 0, ^h^y*^^;K 7x7 

ty*;^-;i') «t0 4fiL<{±, T^/^;H6, 7';-;i^ ^f-n^ 

[0 0 4 5] 

Xl teXtfxZ a«L<li7'J-iVi^:ii-K (2) "C^§tL-5* 
T^Sfi, i L < li4fii:y7^K;V7 < 7*i/:(iy7'J -;i/T^ 

^ML/:7'J -JHSSfcliHUbS (2) -e^£ti£*-eit£ti£ 0 
[0 0 4 6] 

^^^^T-P B ^^S^T#^R|2^M^^f^'fb^i: L"C(i> vT- 

>-felf> ^nvr-^i, t^ryy-;^ti^ii-K (i) izxmztiz 

[0 0 4 7] 
[0 0 4 8] 
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[its] 



o 



o 



>-CH=C-CH=< 

•N+ N 
I I 
R51 R52 




^51 



^52 



D-5 



CI 



CI 



Na 1 



HN 




D-1 -fCH^SOa" -fCH 2 ^-S0 3 
D-2 -(CH 2 ^S0 3 - -fcH^SOa 
D-3 -C 2 H 5 — c 2 H 5 r 

D-4 -fCH 2 -^N(CH 3 ) 3 -fCH 2 ^-N(CH 3 ) 3 (Br _ ) 

C 2 H 5 

10IVcH=i 

CI 



(CH2) 3 S0 3 - 



(CH2) 3 S0 3 Na 



D-6 



(CH2) 3 S0 3 - 



(CH2) 3 S0 3 -HNtCaHsJa 



[0 0 4 9] 
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V 



Mb 9] 

D-7 



(CH2) 3 S0 3 




(CH 3 ) 3 S0 3 HN{C 2 H 5 ) 3 




CI 



^53 



^54 



D-8 -(CH 2 )jS0 3 ~ 



D-9 — C 2 H 5 



-fCH^SOg- 
— C 2 H 5 



CI 



HN(C 2 H 5 ) 3 



D-11 



NH 2 T NH 2 
D-10 ~{CH 2 }-NH-{ ~(CH 2 )-NH-^ (Br") 3 

NH 2 NH 2 



C 4 H g . ,0 
N— \ 



0=( >=CH-CH=<^ 

< o 

COOH 




(CH2) 4 S0 3 Na 



C 4 H 9v O 

< * 

COOH 



S0 3 Na 



C,H 



2 ns 



n51 



D-12 1 
D-13 2 



D-14 



C 2 H 5 ^ O 
0=\ >=CH-CH=< 
C 2 H 5 O 




(CH 2 ) 3 S0 3 Na 



[0 0 5 0] 
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D-16 




R55 



D-17 -fCH 2 )j-N(CH3) 3 Br 
D-18 — C 2 H 5 



D-21 




[0 0 5 1] 
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[ftll] 




R 56 D . 22 ^CH 2 ^S0 3 Na 




D-24 -(-CHz^SOaNa 



D-25 — CH 3 




4CH 2 )5-N(CH 3 ) 3 Br 



D-30 




[0 0 5 2] 
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D-33 



(CH2) 3 S0 3 K 



(CH2) 3 S0 3 K 



D-34 



C 2 H 




(CH2) 3 S0 3 Na 



D-35 



(CH 2 ) 3 S0 3 Na 



D-36 



D-37 




^CH=<J^CH=< 



(CH2) 3 S0 3 Na 




o 



(CH 2 ) 3 S0 3 Na 



CH 3 



n+ y 

O 



(CH2) 3 S0 3 Na 




(CH2) 3 S0 3 Na 

[0 0 5 3] 
[0 0 5 4] 
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# * 

[0 0 5 5] 

mmm 1 ] 

[D- 2 7^i] 
[0 0 5 6] 

7(iUTO^H«t «9^i-*c:t7& J -e§*o 

[0 0 5 7] 
lit 1 3 ] 

D-27<7>£>£^ 




[0 0 5 8] 

v^o^>^y >33.6g (0.4mol) , DBN2mK N,N-y>fH^75 Kv^ 
f-;l/T-fc*-;M00g£ 5 BHHtaELfco «M8lfeT-b h > * Jn^T^ip LTISHS- 
nglJU $7^rFy»U [ 1 ]0*SH32.4g (JRS(S42%) 
[0 0 5 9] 

[1] 0.78g (4mmol) , 4^4a[2] 2.78g (8mmol) , k? 'j V >20ml 
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fe*SJ!2.14g (J|Bp56%) 
[0 0 6 0] 

it:, (i) r-^$*L-6fk^no^T^>D-2 7^1 

Tetrahedron. Lett. ,42^, 6129 Jf, (200140 ^CfS^O^T^Uri Ct^ 

[0 0 6 1 ] 

[HJfcM 2 ] 
[D- 1 <D^J&] 
[0 0 6 2] 

[0 0 6 3] 
[itl 4] 



D-10>£j3£#l| 




[0 0 6 4] 

^>V't4tv-;K3] 52.25g (0.2mol) , ynyr/t^ h > [ 4 ] 45. 75g 
(0.375 mol) ?:140 o CHT4B#r B ^n^«#L7t:o ?W£T-fc h > * inx.-GSNI 
£ngiJU 7-tf>T«LT4M[5] 70.42g (J|X^85%) *&fc 0 
[0 0 6 5] 

4&*S[5] 66.2g (0.2mol) , t^V/DtV^h 'Jxf ;i,[6] 200mk 
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t-3lllf*>f ya >f7fe^L7ti 0 * 9 J - ^lOOmUzmmLXmWL tz t Z h\Z 
, WpWrt- h U ^A4.0g (50mmol) * 7 20ml U ^C^igHS: 

ngiJLfCo ^-JWCfl-ffcLTngUU glft^D- 1 O^fe|g 0 B H 31. 36g 

01X3*43.4%) 

[0 0 6 6] 

, F.M.HarmerlF, Heterocyclic Compounds— Cyan ine Dyes and Related Compoun 
ds, John&Wiley&Sons, New York, London, 1 9 6 4^ThJ, D. M. SturmerlF, Het 
erocyclic Compounds— Special Topics in Heterocyclic Chemistry, ^18^, 
Hl4ip, i4 8 2^f>5 151, John&Wiley&Sons, New York, London^ HfEIR 

tz tz L , *3PJ <r> ik&w (D (i c ft k &jg £ fi h t> if x j± & v > 0 

[0 0 6 7] 

[mmm 3 ] 

[0 0 6 8] 

D- 1 2.89mg^7K20mlH^L, D- 1 <7)2X 10-4M7Kvtwl (A) ZmWkLtz 0 - 
^r-b*9^->2gtC7fcl98g^*Px., L&^£>3053*M£-e, 45ViZXmffi 

S*T-tf9-2 L >lwt%7MgF?S (B) *iIL/: 0 

A 5ml <hB Sml^l^^tcAtt-rrS^LT, -tf^>0.5wt% • D- 1 10" 4 M TKvt 
#^^L25 0 CtCT3Bfr B m®L7t:m, MU-^* h frifflfcLtZo mfflSkfti 
D- 7 Hov^rtff -otzo 

D- 1 , D- 7 -e*L-r*L<7>-bf 9^ >0. 5wt% • 10-4M7kr#Ht't 1 (7)M A max, e 
, Jttfct Lt*/v-tiT^ A max, e £^1 HfB-to 
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[0 0 6 9] 
[Si] 



1 



1**4 






mm. 


IR1R 
A max 






101 


D- 1 


t'7f>0.5wt%7fC?^ 


10 4 M 


542nm 


335000 




102 


// 


^ ^ y — ;i/ 


10 4 M 


504 


152000 




103 


D- 7 


t"7f>0.5wt%7K^M 


10<M 


481 


230000 


T ^-^v. 


104 


// 


DMSO 


10 4 M 


449 


85600 





[0 0 7 0] 

mmm a ] 

[ 2 7t:^MM«ofFiffi^^] 
[0 0 7 1 ] 

^l§0^O'fb'^t/(7)2 7fc«WMm^ffl z 1ffifi, M. A. Albota et al. , Appl. 0 
pt. 19983s 37^,7352M.K«c<7)^fe^##H^fo7t;o 2 T^MTOff WfFJJ^ffl 
(7)7fc^^(i, Tirsapphire^'l'X lx--*f- (^;l/*ili§ : lOOfs, It <9 L : 80MHz 
> : 1W, : lOOkW) 700nm^l000nm<7>M$EB-C 

2 7fcT^WM»^iBij^L^ 0 ^iHtfSCi: Un-/^ >B33 J: U f ■7;^* 

^-fe'f >£iHiJ5£U tfb^^iiiJ^ft^C. Xu et al., J. Opt. Soc. Am. B 1996 

13%, 48iM. tzum<7>u- y < yB^xvy ^tu't^f > <d 2 it^MzmM 
wmim <7>m.m^ it , mmm s -cfpj& l £ -tr ^ >o. 5wt% • d- 1 lo-^mm. ( 

ft^m^Vtm. f»101) , U->0.5vtt% • D- 7 10-4M7kv#?tt (tH^I 

J £?£*#tIB> 1^103) S^ti^it^ LT-ty v-tioM (f*#102, 
104) $-fflv^: 0 

[0 0 7 2] 

#*±fe^vi^-riiij^L, n h n ^ GMmt^m 2 KfjkLfz qgm = 1x1 

0-50 cm 4 s / photon ) o S4>^ L7 t cfg«i?IiJ^«|Effl[*i-ec027tT-TO 

tiiiiE#2 003-3098613 
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[0 0 7 3] 

H2 











2 >t^P^iR 
Irlt/GM 




101 


D- 1 


t*7f>0.5wt%zK^Jft 




6280 




102 


// 


* * J 




891 


Mm 


103 


D- 7 


t*7*>0.5wt%7kig$ft 


T 

« 25D 


280 




104 


// 


DMSO 




19 





[0 0 7 4] 

# v » 2 TfeT-TOiff «b n h z. t fm h & x ab * o 

[0 0 7 5] 

mmm 5 ] 

[0 0 7 6] 

H»!I4 £>$&ft-101t^ Nd:YAGl^-^-O1064nm<7)P-Hf-/N';V^^BS|tLT 
[0 0 7 7] 

Jt^f4l I &L\<*2ft¥§kyti:§&'r&it&fot LtiR^H (W09709043) H 
iB«0<k^!» (TSBft^BO 0.0059g^l00mLc7)T-b h- h «; frizmMZ&X 1 X 

[0 0 7 8] 
Utl 5] 



tb*Hb£1fc : W09709043IB«cCD"dyer 
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[0 0 7 9] 

tWlOlfcitfJttW&ttl fc, ^rti^iiM :YAG1^ — -f — <£> 1064nm<7) u — Jf- 

h ;k^®« (^*pS 2 tt^ffcftSfiJS) Jtic^# 1 1 t Lfc <h § 

[0 0 8 0] 
[H3] 



3 









1**4 


D- 1 


5.8 


tbicim 1 


W09 709043 


1 



[0 0 8 1 ] 



^3 KTfkLtzX •) fc, tt*0#»*»±*^tcR»i-4A«f*4#tt* , »?>n^o 
[0 0 8 2] 
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